ABSTRACT: Anabolic steroid implants are commonly used to increase growth performance and carcass leanness. The objective of this study was to determine the effects of various trenbolone acetate implants on Warner-Bratzler shear force (WBSF), slice shear force, and consumer palatability ratings for USDA Choice and Select beef strip steaks aged for 14 and 21 d from cattle implanted before slaughter. Beef steers (n = 1,740) were subjected to the following treatments: 1) nonimplanted control (CON); 2) Revalor-IS on d 0 and Revalor-S on d 70 (IS/S); or 3) Revalor-XS (RXS) on d 0, and were randomly assigned to pens within blocks. A subsample of USDA Choice (n = 82) and USDA Select (n = 81) carcasses was selected. Strip loins from these carcasses were collected, and steaks measuring 2.54 cm were fabricated and aged for 14 or 21 d postmortem. Select steaks aged 14 d from RXS cattle had decreased (P < 0.05) WBSF values compared with IS/S steaks, but CON steaks did not differ from either implant treatment. Warner-Bratzler shear force did not differ among treatments (P > 0.05) from USDA Choice steaks aged 14 and 21 d or from Select steaks aged 21 d. Consumer scores for flavor and overall liking for USDA Choice 14-d aged RXS steaks were less (P < 0.05) than CON steaks; however, there were no differences between RXS, IS/S, and CON for tenderness or juiciness, or for tenderness and overall acceptability. Select steaks aged 14 d from IS/S cattle had less (P < 0.05) tenderness, tenderness acceptability, overall acceptability, overall liking, juiciness, and flavor scores than RXS and CON steaks; however, consumers also rated RXS steaks less for tenderness, juiciness, and tenderness acceptability when compared with CON steaks. Consumer scores for overall liking, flavor, and tenderness for USDA Choice steaks aged 21 d from RXS, IS/S, and CON did not differ. However, implant affected (P < 0.05) overall liking, flavor, juiciness, and tenderness for USDA Select steaks aged 21 d. Even so, there were no differences between RXS, IS/S, and CON steaks for tenderness or overall acceptability for steaks aged 21 d, regardless of quality grade. Results indicated that tenderness differences exist among implant strategies when strip steaks were aged 14 d; however, tenderness and overall consumer acceptability were only influenced by implant in Select steaks aged 14 d. Furthermore, aging for 21 d can minimize and even eliminate implant differences in WBSF and slice shear force, as well as tenderness and overall consumer acceptability.
INTRODUCTION
Anabolic steroids are commonly used in beef production systems to increase growth performance and carcass leanness. Some implant regimens use an implant at d 0 followed by a second implant within 70 to 80 d, which usually contains greater doses of anabolic steroids. Another strategy involves a single implant with delayed release technology to gain the same effect as the double implant. Revalor-XS (RXS; Intervet/ScheringPlough Animal Health, De Soto, KS), is an anabolic steroid that was recently approved (FDA, 2007) for use in feedlot cattle; however, the effects of RXS on tenderness and beef palatability have not been reported.
Some implanting strategies reduce the eating quality and consumer satisfaction of beef, specifically, by inCharacterization of estrogen-trenbolone acetate implants on tenderness and consumer acceptability of beef under the effect of 2 aging times creasing the Warner-Bratzler shear force (WBSF) and occurrence of tough beef (Samber et al., 1996; Foutz et al., 1997) . Platter et al. (2003) reported that repeated implanting not only increased growth, but also had detrimental effects on carcass quality, WBSF values, and consumer taste panel scores. However, Barham et al. (2003) found that untrained consumers failed to detect any palatability differences among implant regimens after steaks were aged 7 and 14 d. Because consumer satisfaction is the key quality endpoint for the beef industry, rather than shear force or trained sensory panels, it is important to measure consumer panel evaluations of steaks from cattle that have been implanted. In addition, several studies have indicated that beef tenderness is the most important factor influencing consumer satisfaction (Savell et al., 1987; Miller et al., 2001) . Given that the use of repeated implants could have an effect on tenderness and consumer satisfaction, our objective was to evaluate the effects of the delayed-release implant, RXS, on beef tenderness and consumer ratings for beef palatability under the effects of aging for 14 or 21 d.
MATERIALS AND METHODS
Procedures involving live animals at the commercial feeding facility followed the guidelines described in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) .
Animals and Treatments
The present study was designed to evaluate the effect of implant dose and release pattern on consumer palatability responses for USDA Choice and Select quality grades of beef strip steaks from implanted steers. British × Continental crossbred steers (n = 1,740; initial BW = 315 kg) were fed commercially in Cactus, TX, from December 2007 through June 2008. Treatments consisted of cattle that had not been implanted (CON) and cattle that had been implanted with either RXS (Intervet/Schering-Plough Animal Health), which contains 200 mg of trenbolone acetate (TBA) and 40 mg of estradiol on d 0, or Revalor-IS (Intervet/ScheringPlough Animal Health), which contains 80 mg of TBA and 16 mg of estradiol on d 0, followed by a Revalor-S implant (IS/S; Intervet/Schering-Plough Animal Health), which contains 120 mg of TBA and 24 mg of estradiol between 70 to 80 d before slaughter. Steers were blocked by arrival date and steer origin. Steers and treatments were randomly assigned to pens (n = 18; 89 to 100 steers/pen) within blocks (n = 7). The CON steers were represented in only 4 blocks (nonimplanted pens = 4), but RXS and IS/S steers were represented in all 7 blocks (implanted pens = 14). During initial processing, steers were vaccinated with Vista 3 (Intervet/Schering-Plough Animal Health), treated for internal and external parasites with Safe-Guard (Intervet/Schering-Plough Animal Health) and Ivomec pouron (Merial, Duluth, GA), and implanted if specified by treatment assignment. Approximately 68 to 74 d later, IS/S steers were reimplanted. All other steers remained in pens, whereas IS/S steers were moved through the processing facility.
Carcass Evaluation and Selection
After 145 d on feed, approximately one-half of the CON steers were randomly assigned to an early slaughter date (May 12, 2008) . Steers selected for early slaughter were transported 0.6 km to a commercial facility in Cactus, TX. The remaining CON steers were slaughtered with the other treatments in their respective blocks on either June 3 or 16, 2008, at the same commercial facility. Days on feed ranged from 166 to 184 across blocks, averaging 174 d. Carcass data were collected by trained personnel from the Beef Carcass Research Center at West Texas A&M University (Canyon). Carcass measurements included HCW, 12th-rib fat thickness, LM area, KPH, and marbling score.
Carcasses from each slaughter date were randomly selected by USDA quality grade and treatment to obtain 4 average Choice and 4 Select strip loins per pen of implanted steers and 8 average Choice and 8 Select strip loins per pen of CON steers. The actual distribution of strip loins by treatment and quality grade is shown in Table 1 . The strip loins (IMPS #180; USDA, 1996) were collected, vacuum-packaged, shipped to the Texas Tech University Gordon W. Davis meat science laboratory (Lubbock, TX), and stored at 2°C until further processing. A total of 82 USDA Choice and 81 USDA Select quality grade strip loins were fabricated into 2.54-cm-thick steaks, vacuum-packaged, and wetaged at 2°C. A steak was removed from the anteriormost end of the strip loin to level the face of the strip loin. The next 8 steaks were rotated and used for slice shear force (SSF), WBSF, and consumer sensory evaluations. These steaks were assigned aging treatments of 14-or 21-d postmortem. Within each aging period, 1 steak was assigned to SSF/WBSF analyses, 2 steaks were used as consumer sensory steaks, and 1 steak was saved as an extra. After the appropriate aging period, steaks were frozen at −20°C until further analysis.
SSF Analysis
Slice shear force values were obtained from each steak. Steaks were thawed at 2 to 4°C for 24 h before cooking. Steaks were cooked to an internal temperature of 71°C using a Magigrill belt grill (model TBG-60 Magigrill, Magi-Kitch'n Inc., Quakertown, PA) with a grill-plate temperature of 163°C. Temperature was monitored with a Cooper Instruments (model SH66A, Middlefield, CT) digital meat thermometer. Individual steaks were weighed before and after cooking to determine cooking loss. After cooking, a 1-to 2-cm slice was removed across the width of the steak from the lateral and medial end to square off the steak and expose the muscle fibers. A cut was made across the width of the steak parallel to and 5 cm medial of the first cut made on the lateral end of the steak to obtain a 5-cm section from the lateral end of each steak. After each slice was obtained, each slice was then center sheared across the muscle fiber using a United force analyzer (model SSTM-500 with a tension attachment, United Calibration Corp., Huntington Beach, CA) using a cross-head speed of 500 mm/min with a load cell of 226 kg. Shear force values were recorded in kilograms.
WBSF Analysis
After each steak was slice sheared, the portions of the remaining steak were placed on metal trays, covered with polyvinyl chloride film, and chilled at 2°C for 24 h. Warner-Bratzler shear force values were obtained by removing six 1.3-cm cores parallel to the muscle fiber from the remaining portions of the steak and sheared once perpendicular to the muscle fibers using a WBSF analyzer (G-R Elec. Mfg., Manhattan, KS). The Warner-Bratzler head moved at a crosshead speed of 200 mm/min. Shear force values were recorded in kilograms, and the values from the 6 cores from each steak were averaged for statistical analysis. The average WBSF value was used to determine the order to feed the steaks to consumers.
Consumer Evaluations
The city of Lubbock, TX, was chosen as the population to sample consumers to represent a range of consumer income, education, and ethnicity. Steaks utilized for consumer evaluations were aged 14 or 21 d, and were selected to represent the average ± 3 SD of the WBSF values. The consumer panel sensory team cooked 6 steaks from the same WBSF SD tenderness category with each steak representing a different treatment. Steaks were cooked to an internal temperature of 71°C using a Magigrill belt grill (model TBG-60 Magigrill, Magi-Kitch'n Inc.) with a grill-plate temperature of 163°C. Temperature was monitored with a Cooper Instruments (model SH66A) digital meat thermometer. Each panel contained 6 steaks representing the 3 treatments within each quality grade. Each panel contained 1 aging period (14 or 21 d). A total of 500 consumers sampled two 1 × 1 × 2.54 cm cubes (12 total cubes for each consumer) from each of the 6 steaks in their respective panels. Each consumer participated only in 1 panel, which consisted of 10 consumers/panel, ranging from 6 to 9 panels/night. Panels were completed over 6 nights. Consumers were asked to evaluate samples from each steak for overall and tenderness acceptability (acceptable or not acceptable). In addition, consumers rated each steak for overall liking, tenderness, juiciness, and flavor using an 8-point hedonic scale (8 = like extremely to 1 = dislike extremely).
Statistical Analysis
To account for variation in slaughter date, days on feed was included as a covariate in all models. WarnerBratzler shear force, SSF, and cooking loss percentage data were analyzed using PROC MIXED procedures (SAS Inst. Inc., Cary, NC). The fixed effect of implant treatment was analyzed by aging period and quality grade. The consumer values for tenderness, juiciness, flavor, and overall liking were analyzed using the MIXED procedures of SAS with a randomized block design arranged in a 2 × 3 × 2 factorial for repeated measures with consumer as the block. The experimental unit was the strip loin subprimal with dependent variables of tenderness, juiciness, flavor, and overall liking measurements. The fixed effect of implant treatment was analyzed by aging period and quality grade. The tenderness acceptability and overall acceptability were analyzed as binomial proportions using the GLIM-MIX procedure of SAS, with the ILINK option of the LSMEANS statement used to calculate least squares means for the proportions. The experimental unit was the strip loin subprimal with dependent variables of tenderness and overall acceptability measurements. The fixed effect of implant treatment was analyzed by aging period and quality grade. Treatment LSMEANS were separated with the PDIFF option at a significance level of P < 0.05.
RESULTS AND DISCUSSION
Performance and carcass data were reported by Parr et al. (2011) . When only steers slaughtered on the normal slaughter dates (June 3 and 16) were compared, the results indicated that implanting, both IS/S and RXS, improved ADG, DMI, and G:F compared with CON steers (P < 0.05). Moreover, implanting with IS/S and RXS produced carcasses with greater HCW and LM area (P < 0.05), but did not affect 12th-rib fat thickness. Marbling score was greater (P < 0.05) in CON (small 38) carcasses compared with IS/S (small 24); carcasses from RXS steers were intermediate (small 29), but did not differ from CON or IS/S. Although marbling score varied between treatments, the subsample of carcasses was selected to equalize quality grade within each treatment. Therefore, marbling score did not differ between treatments within quality grade (P > 0.05). The least squares (LS) means for marbling score from Choice carcasses were modest 50, 30, and 30, for RXS, IS/S, and CON, respectively (data not shown). The LS means for marbling score from Select carcasses were slight 60, 70, and 60 for RXS, IS/S, and CON, respectively (data not shown).
SSF and WBSF
For Choice steaks aged 14 d, the CON treatment produced a decreased (P < 0.05) SSF value than both RXS and IS/S steaks (Table 2 ). Select steaks aged 14 d produced somewhat different results in that CON steaks had decreased (P < 0.05) SSF values compared with IS/S steaks; however, RXS steaks did not differ from CON or IS/S steaks (Table 3) . After 21 d of aging, no differences (P > 0.05) were observed between the 2 treatments or the control group for both the USDA Choice and Select steaks. Because there were no differences (P > 0.05) among treatments in both Choice and Select steaks after aging for 21 d, these results suggest aging 21 d will minimize any differences in SSF values due to implant regimen.
For Select steaks aged 14 d, the RXS steaks had decreased (P < 0.05) WBSF values compared with IS/S steaks; however, CON steaks did not differ from RXS or IS/S steaks (Table 3 ). No differences (P > 0.05) in WBSF values were seen between the RXS, IS/S, and CON for the Choice steaks aged 14 or 21 d or for the Select steaks aged 21 d. Gerken et al. (1995) found that combined TBA and estradiol implants had no effect on WBSF values of strip loin steaks, which is supported by the present data. In addition, Belk and Savell (1992) reported that use of TBA and estradiol implants did not affect beef tenderness. Barham et al. (2003) also Within a row and aging period, means without a common superscript differ (P < 0.05). 1 CON = nonimplanted control; IS/S = Revalor-IS implant at d 0 followed by a Revalor-S implant at d 80 to 90 of trial; RXS = Revalor-XS implant at d 0 (Intervet/Schering-Plough Animal Health, De Soto, KS). Sample numbers per aging period: CON = 30; IS/S = 24; RXS = 28.
2 Scale: 1 = acceptable and 2 = unacceptable; reported as percentage found acceptable. 3 Scale: 1 = dislike extremely to 8 = like extremely. 4 Cooking loss % = {[raw weight (g) − cooked weight (g)]/raw weight (g)} × 100. Within a row and aging period, means without a common superscript differ (P < 0.05). found that WBSF values were not affected by implant regimen, which consisted of 2 estrogenic implants or an estrogenic implant followed by a high-potency combination implant. In contrast, Foutz et al. (1989) reported that steers implanted twice with TBA had a greater likelihood of resulting in tough steaks than steers implanted with a single TBA implant or 2 estradiol implants. In the present study, increasing the aging period from 14 to 21 d eliminated any differences detected in SSF and WBSF values due to implant regimen for both Choice and Select grade steaks.
Consumer Sensory Panels
Consumers rated USDA Choice steaks aged 14 d from RXS-implanted cattle was less (P < 0.05) in overall liking than CON, whereas IS/S steaks showed no difference when compared with RXS or CON steaks (Table  2) . Moreover, consumers liked the flavor of Choice 14-d aged steaks from RXS less (P < 0.05) than IS/S and CON. Implant treatment did not affect (P > 0.05) consumer ratings of juiciness or tenderness of Choice steaks aged 14 d. In addition, there were no differences (P > 0.05) in the percentage of tenderness or overall acceptability due to implant. It should be noted that although implant regimen affected consumer ratings of these steaks, the average rating for each trait (tenderness, juiciness, flavor, and overall liking) was generally ≥6.0 regardless of implant, which corresponds to a rating of moderately like.
In Select steaks aged 14 d (Table 3) , consumers assigned the greatest ratings to CON steaks for tenderness and juiciness; however, they found RXS intermediate, and IS/S were rated least for these traits (P < 0.05). Consumers liked the flavor more (P < 0.05) for CON and RXS than IS/S steaks. Moreover, consumers scored overall liking more (P < 0.05) in both CON and RXS steaks when compared with IS/S. Following the trends of tenderness and overall liking, the percentage of consumers finding tenderness acceptable was greatest for CON, RXS was intermediate, and IS/S was the least (P < 0.05), whereas the percentage of consumers that found steaks acceptable overall was greater (P < 0.05) for CON and RXS than IS/S.
Consumers rated Choice 21-d aged IS/S steaks greater (P < 0.05) for juiciness than CON steaks; however, RXS steaks did not differ from IS/S or CON steaks (Table 2 ). There were no implant differences (P > 0.05) detected for tenderness, flavor, overall liking, tenderness acceptability, or overall acceptability for 21-d aged Choice steaks (Table 2) .
Select 21-d aged CON steaks were rated greater (P < 0.05) for tenderness and juiciness liking than both IS/S and RXS steaks (Table 3) . Consumers scored Select 21-d aged CON steaks greater (P < 0.05) for flavor than IS/S steaks, but consumer ratings for RXS steaks did not differ from IS/S or CON steaks. Overall liking was greater (P < 0.05) for both CON and RXS steaks when compared with IS/S steaks. Despite these differences, there were no differences (P > 0.05) in the percentage of tenderness or overall acceptability due to the implant in Select steaks aged 21 d.
When Barham et al. (2003) compared strip steaks from nonimplanted steers with steers given 2 estrogenic implants or an estrogenic implant followed by a high-potency combination implant, results showed that consumers determined that implant treatment did not influence their evaluation of overall acceptability, tenderness acceptability, overall quality, or flavor after 7 and 14 d of aging. Juiciness and tenderness of the steaks sampled were also not affected by implant treatment (Barham et al., 2003) . Perry et al. (1991) had similar results with consumers finding little difference for tenderness, juiciness, flavor, flavor intensity, and overall acceptability when comparing nonimplanted steers with those receiving a single implant (140 mg of TBA + 28 mg of estradiol).
In conclusion, Parr et al. (2011) showed both implant strategies improved steer performance compared with CON steers, whereas the delayed release pattern of RXS did not negatively affect the growth enhancement or quality grade compared with the reimplant strategy of equal TBA + estradiol dose. Results from this study showed that the use of delayed release growth implants such as RXS in finishing cattle can affect consumer liking and instrumental tenderness when steaks are aged 14 d, yet the use of RXS does not influence overall consumer acceptability compared with CON steaks. Furthermore, as the aging time increased from 14 to 21 d, there were reductions in the detection of differences found between implant treatments for tenderness and consumer palatability ratings. Differences were detected in SSF due to implant regimen in steaks aged 14 d for both Choice and Select steaks. Implant also affected WBSF of 14-d Select steaks; however, SSF and WBSF did not differ due to implant treatment after a 21-d aging period, regardless of quality grade. The percentage of tenderness and overall acceptability varied by implant for Select steaks aged 14 d, whereas no differences were detected for 21 d steaks, regardless of quality grade. These results suggest aging for 21 d can minimize and even eliminate implant differences in instrumental tenderness and consumer acceptability.
